The Asian cockroach, Blattella asahinai Mizukubo, is a peridomestic pest species Þrst described in 1981 from Okinawa, Japan (Mizukubo 1981) , and introduced into Florida in 1986 (Roth 1986 ). The Þrst account of the Asian cockroach was limited to three adjacent counties around Tampa Florida (Brenner et al. 1986, Koehler and Patterson 1987) . By 2007, all 67 counties in Florida had established populations (Snoddy and Appel 2008) . In early 2003, the Asian cockroach was identiÞed for the Þrst time outside of Florida in Dothan, AL (Hu et al. 2005) . Currently, these cockroaches are distributed in seven counties in Alabama reaching as far North as Barbour County; and eight counties in Georgia reaching as far North as Houston County (Snoddy and Appel 2008) . In 2008, the cockroach was reported in south Texas soybean Þelds feeding on lepidopteran eggs (Pfannenstiel et al. 2008) .
Several basic biological studies have been conducted in the laboratory, but few Þeld studies have been attempted (Brenner et al. 1988 , Ross and Mullins 1988 , Atkinson et al. 1999 , Lawless 1999 . The Asian cockroach is a small (Ͻ25 mm) species that is very similar to the German cockroach, Blattella germanica (L.). The German cockroach is a domestic pest that only lives indoors, does not ßy, and all stages are negatively phototaxic (Ebeling 1978 , Rust et al. 1995 . In contrast, the Asian cockroach lives outdoors, adults are strong ßyers and are positively phototaxic to outdoor lights at night (Brenner et al. 1988, Snoddy and Appel 2008; unpublished data) . The Asian cockroach is attracted to the lights of buildings and occasionally enters homes and other structures. It can therefore be confused with a German cockroach if proper identiÞcation is not made. MisidentiÞcation can lead to unnecessary indoor treatments that can expose humans and pets to unnecessary pesticide residues, but do not control the Asian cockroach.
In southeastern Alabama, populations of the Asian cockroach begin to increase in late May, reach their zenith in late August to early September, and then sharply decline with the onset of cool fall weather (Snoddy 2007) . Brenner et al. (1988) examined behavior, and distribution of the Asian cockroach in landscape microhabitats, and found that it preferred leaf litter and shady areas. Because many houses have leaf litter-type mulch around the home as landscaping, the Asian cockroach has abundant harborage areas and can develop large populations. Large outdoor populations can become pest problems indoors when the cockroaches are attracted to the lights of the home and enter the house. The Asian cockroach is usually found at the leaf litter-soil interface during the photophase (Snoddy 2007) . Because the Asian cockroach lives outdoors it is in contact with animal feces (unpublished data) and a variety of soil-borne pathogens. If it enters a home, this species may mechanically vector pathogens by physically contaminating food, food preparation surfaces, and other commonly used surfaces as does the closely related German cockroach (Tatfeng et al. 2005; Roth and Willis 1957, 1960; Kopanic et al. 1994) . German cockroach (a domestic pest) feces and body parts are allergenic to sensitive individuals (Ebeling 1978, Schal and Hamilton 1990) , and the closely related Asian cockroach (a peridomestic pest) could pose some of the same health issues to sensitive individuals once it enters a home.
Because mulch material is almost always used in landscaping, the type of mulch might affect the localized density of Asian cockroaches and therefore the probability that they may enter structures. The Asian cockroach is not limited to homes, but can also affect hotels, ofÞce buildings, and restaurants. Adult Asian cockroaches are attracted to the lights of these buildings at night and may enter them. In many cases, particularly restaurants, these buildings have some type of control measures or integrated pest management (IPM) programs in place for the German cockroach. If the Asian cockroach is misidentiÞed as a German cockroach then these control measures could be deemed ineffective resulting in unnecessary pesticide applications and pesticide residues along with enhanced or modiÞed IPM programs.
There is little information on the harborage preferences of peridomestic cockroaches including the Asian cockroach. Harborage preferences of cockroach species such as the American cockroach, Periplaneta americana (L.), and the smokybrown cockroach, Periplaneta fuliginosa (Serville) are mediated by the physical characteristics of the harborage and the presence of conspeciÞcs (Appel and Smith 1996) . American and smokybrown cockroach small nymphs prefer harborages with smaller interstitial spaces than that of larger nymphs and adult conspeciÞcs (Appel and Smith 1996) .
The objective of this study was to evaluate the preferences of the Asian cockroach to typical mulch materials that are commonly found in southern Alabama where this cockroach is a peridomestic pest. With mulch preference, repellency, and toxicity data it may be possible to incorporate mulch selection into an IPM program (with turf and plant management, limited use of insecticides and repellents, and sanitation) for homeowners that could manage Asian cockroach populations around homes while reducing insecticide use and exposure.
Materials and Methods
Insects. The Asian cockroaches used in this study were collected in Dothan (Houston County), AL (31Њ 15Ј16.24ЉN, 85Њ 24Ј52.56Љ W). Adults and nymphs were collected by hand and transferred to a 7.6 liter glass jar that contained round 140 cm 2 cardboard harborages and transported back to Auburn University and a colony maintained for the last 3 yr in the laboratory. Colonies were maintained in 3.8 liter glass jars with water oak, Quercus nigra L., leaves and 2, 140 cm 2 cardboard harborages at 25 Ϯ 2ЊC and 40 Ð55% relative humidity (RH), exposed to a photoperiod of 12:12 (L:D) h, and supplied water and dry dog chow (Purina Dog Chow, Ralston Purina, St. Louis, MO) ad libitum. Cockroaches were collected from these jars and anesthetized with CO 2 to facilitate handling. For the large arena tests, 10 females, 10 males, 25 small nymphs (1Ð3 mm in length), 25 medium nymphs (4 Ð7 mm in length), and 30 large nymphs (8 Ð12 mm in length) were used. Cockroaches were placed in 500 ml cardboard cylinders and then transferred to the arenas. For the Ebeling Choice Box tests we transferred 10 adult males directly into the choice boxes. Adult males were used in the choice box and continuous exposure tests because of their uniformity in body size, behavior, and physiology.
Mulches. Five common mulches were selected for evaluation: cypress mulch from Taxodium 1851, Sterilite Corporation, Townsend, MA) to a depth of 5 cm. (Preliminary tests indicated that all developmental stages of the Asian cockroach could readily climb the sides of the plastic shoe boxes and that the boxes themselves were not repellent or toxic.) All mulches were sprayed daily with 6 ml of water from a 710 ml spray bottle (The Bottle Crew, Product Item no. E-24, West BloomÞeld, MI) that produced a Þne mist of water to simulate morning dew. Plastic boxes containing the mulch treatments were positioned, in a random order, in a circle on the ßoor of the arena. In the center of the arena we placed Ϸ3 g of dry dog chow (Purina Dog Chow) in an aluminum foil weigh pan, a 75 ml vial of water with a cotton wick inserted through the cap. Cardboard cylinders containing 100 Asian cockroaches (see above distribution of stages) were placed on the arena ßoor and the top removed; the cardboard cylinders were removed 8 h later. The arenas were kept in a room at 25 Ϯ 2ЊC, 40 Ð55% RH, and exposed to a photoperiod of 12:12 (L:D) h. The treatments were replicated six times in a completely randomized design. The mulch and cockroaches were not disturbed for 7 d after which the mulch treatments were covered and removed. The boxes were removed during daylight hours when the cockroaches were in the mulches. Each box containing a mulch treatment was Þlled with CO 2 (to anesthetize the cockroaches) and the number of each stage was recorded.
Continuous Exposure Test. Six adult males were conÞned in a 0.95-liter glass jar with Ϸ3 g of dog food, a 75 ml vial of water with a cotton wick inserted through the cap, and a 140 cm 2 cardboard harborage February 2013 SNODDY AND APPEL: MULCH PREFERENCES OF ASIAN COCKROACHES (Appel 1992) . Petroleum jelly was used to lightly coat the upper inside surface of the jar, and Þlter paper covers secured with metal bands prevented cockroach escape. Jars were treated with one of each mulch material to a depth of 5 cm. Jars containing experimental controls contained no mulches. All test mulches and controls were replicated six times in a completely randomized design. Jars were kept in a room at 25 Ϯ 2ЊC, 40 Ð55% RH, and exposed to a photoperiod of 12:12 (L:D) h. The number of live and dead cockroaches in each jar was recorded daily 3Ð 4 h into the photophase for 7 d. Choice Box Tests. Lack of preference, or apparent repellency, and mortality were determined in Ebeling choice boxes (Ebeling et al. 1966) as described by Appel (1990 Appel ( , 1992 . Food and water were placed in the lighted compartment of the choice box. A treatment consisting of one mulch material was placed uniformly to a depth of 5 cm deep over the entire ßoor of the dark compartment. Control boxes had no mulch material in the dark compartment. Treatments were allocated randomly to the choice boxes. Ten adult male Asian cockroaches were released into the untreated compartment of each choice box. Cockroaches were able to move freely between the dark (treated) and the light side (untreated) compartments through a 13 mm diameter hole in the partition separating the sides. The mulch treatments were replicated six times in a completely randomized design.
Choice boxes were exposed to 25 Ϯ 2ЊC, 25Ð 40% RH, and a photoperiod of 12:12 (L:D) h. Banks of white ßorescent lights were Ϸ1.6 m above the choice boxes and produced a light intensity in the untreated (light side) compartment of 300 Ð350 lux (INS Digital Lux Meter, Markson, Phoenix, AZ). The number of live and dead cockroaches in each compartment was recorded 3Ð 4 h into the photophase daily for 7 d. Lack of preference for a mulch, avoidance, or apparent repellency was deÞned as the mean proportion of live cockroaches present in the light compartment during the photophase.
Physical Measurements. Temperature, RH, and interstitial spaces were measured 15 times at randomized depths (Ͼ0 Ð5 cm) in each of the mulches. Light intensity was measured 15 times at the depth of 5 cm. Temperature was measured with a bead-type copperiron thermocouple; RH was measured with a capacitive probe; and light intensity was measured using a light sensor. Temperature and RH sensors were connected to a microprocessor (Tri-Sense, Cole Parmer, Niles, IL) that instantaneously recorded the environmental characteristics. Interstitial spaces within each mulch material were measured to the nearest 1 mm with a plastic ruler.
Data Analysis. Mulch preferences (proportion of the total number of each stage within a mulch) were analyzed for each stage using a KruskalÐWallis analysis of variance (ANOVA) on ranks followed by a Tukey pairwise multiple comparison test (Systat Software, Inc. 2011). Proportion of mortality in the continuous exposure and Ebeling Choice Box tests 7 d after exposure was analyzed using KruskalÐWallis ANOVA on ranks followed by Tukey pairwise multiple comparison tests (Systat Software, Inc. 2011). Repeated measures ANOVA was used for the choice box preference data (PROC MIXED; SAS 2010). Main effects of mulch treatment and time as well as the most important effect, the treatment ϫ time interaction were considered signiÞcant at P Ͻ 0.10. The signiÞcance (i.e., value signiÞcantly different from 0) of the least square means (LSmeans) was determined with a t-test (P Ͻ 0.05). We used the differences in LSmeans pairwise test (PROC MIXED; SAS 2010) , that combined the 7 d of observations, to determine signiÞcant differences among treatments. For each type of mulch, change in preference of adult males in Ebeling choice boxes was plotted over time, and analyzed using linear regression (Systat Software, Inc. 2011). Differences in physical characteristics among mulches were determined using KruskalÐWallis ANOVA on ranks followed by Tukey pairwise multiple comparison tests (Systat Software, Inc. 2011).
Results
Large Arena Mulch Preference. Adult male Asian cockroaches preferred oak leaf litter (54.3 Ϯ 6.3%) to cypress, rubber and topsoil, but there was no difference in preference to pine straw (33.0 Ϯ 6.3%) ( Table  1) . Adult females preferred any mulch material to topsoil; there were no signiÞcant differences in preference among the other mulches (Table 1) . Small (48.3 Ϯ 13.1%), medium (62.5 Ϯ 6.5%), and large (55.2 Ϯ 8.4%) nymphs generally preferred the rubber mulch compared with other mulches (Table 1) .
Continuous Exposure. After 7 d, mean mortality of adult male Asian cockroaches in continuous exposure experiments ranged from 2.0 to 66.7% for oak and pine straw, respectively (Table 2) . Pine straw was signiÞ-cantly more toxic (P Ͼ 0.05) than all other mulches and the untreated control (Table 2) .
Choice Box Mulch Toxicity. After 7 d, mean mortality of adult male Asian cockroaches conÞned in Ebeling choice boxes ranged from 0 to 11.7% for the control and cypress, respectively (Table 2 ). There were no signiÞcant difference (P Ͼ 0.05) in mortality among any of the mulches and the control (Table 2) .
Choice Box Mulch Preference. Combining all 7 d, mean avoidance or repellency (percentage of live cockroaches present in the lighted compartment during the photophase) of adult male Asian cockroaches ranged from 3.5 to 20.3% for oak mulch and the untreated control, respectively (Table 3 ). In the repeated measures analysis, the main effects of mulch treatment and time were not signiÞcant (P Ͼ 0.10); however, the treatment ϫ time interaction was signiÞcant at P ϭ 0.099. In the LSmeans signiÞcance test, only the untreated control, rubber, and topsoil mulches were signiÞcantly different from 0 (Table 3) . Control boxes had the greatest LSmeans of 20.3 Ϯ 3.1% and were least overall preferred treatment. Adult male Asian cockroaches preferred (or were least repelled by) the cypress, oak, and pine straw mulch compared with the untreated control, rubber, and topsoil mulches in the pair-wise differences in LSmeans test (Table 3 ). Avoidance to all mulch treatments except the pine straw and rubber (P Ͼ 0.05) declined linearly over time ( Fig. 1; Table 4 ). Avoidance declined most rapidly in the topsoil treatment (slope ϭ Ϫ3.94) and least rapidly in the oak leaf mulch (slope ϭ Ϫ0.70) ( Table 4) .
Physical Measurements. Temperature ranged 25.1 Ϯ 0.1 to 26.3 Ϯ 0.2ЊC for pine straw and oak leaf litter, respectively (Table 5) . RH ranged from 33.3 Ϯ 0.3% for oak leaf litter to 70.8 Ϯ 0.9% for rubber mulch (Table 5) . Light intensity ranged from 0.0 to 4.5 Ϯ 1.2 lux for topsoil and pine straw, respectively (Table 5) . Interstitial spaces ranged from 0.0 for topsoil to 4.8 Ϯ 0.9 mm for pine straw (Table 5) .
Discussion
Since the discovery of the Asian cockroach in southern Alabama, it has become a peridomestic pest around homes (Hu et al. 2005, Snoddy and Appel 2008) . Populations generally begin to increase in May and reach their maximum in early September (Snoddy 2007) . Brenner et al. (1988) found that the Asian cockroach preferred moist shady leaf mulch around homes. Most homes in southern Alabama have some type of mulch landscaping around them that could enhance populations of the Asian cockroach. Pest control operators not familiar with the Asian cockroach may misidentify it as a German cockroach and treat indoors unnecessarily exposing homeowners to needless and ineffective pesticide residues. As with other outdoor cockroaches such as the American and smokybrown, populations may be mediated by harborage preferences (Appel and Smith 1996) . Appel and Smith (1996) examined the harborage preferences of larger peridomestic cockroaches (American and smokybrown cockroaches) to several mulch and plant materials [juniper branches, Juniperus horizontalis L.; pine straw, Pinus spp.; soil; rocks; or grass, Eremochola ophiuroides (Muno) Hack, thatch, and dry soil]. They found none of the mulch treatments to be toxic to either cockroach, but in Ebeling choice boxes the smokybrown cockroach signiÞcantly and consistently avoided dry soil as opposed to the American cockroach that did not avoid any mulch treatment (Appel and Smith 1996) . Although the smokybrown cockroach preferred juniper branches, there were signiÞcant proportions found in pine straw and under rocks. Humidity was greater under the juniper branches but light intensity was less under pine straw (Appel and Smith 1996) . Smaller nymphs selected harborages with the smaller interstitial spaces than larger nymphs; pine straw had the smallest interstitial spaces of any of the mulches they tested (Appel and Smith 1996) . Similarly, for the indoor German cockroach, smaller nymphs prefer narrower harborages than larger nymphs and adults , Berthold and Wilson 1967 , Koehler et al. 1994 .
The objective of this research was to evaluate the mulch preferences of the Asian cockroach. With mulch preference, avoidance, and toxicity data it may be possible to incorporate mulch selection into an IPM program for homeowners to use to reduce populations of the Asian cockroach. The most common conventional practice for peridomestic cockroach control is to treat the perimeter around a house creating a "zone LSmeans are presented for the entire 7 d test; repeated measures ANOVA followed by a pair-wise differences between least squares means test (PROC MIXED; SAS Institute 2010).
a Means followed by the same letter are not signiÞcantly different at P Ͻ 0.05.
of death" with a broad-spectrum residual insecticide (Appel and Smith 2002) . These insecticidal barriers have numerous drawbacks that include rapid degradation of the insecticide during hot summer days, exposure of residues to animals and the environment, and nondiscriminatory elimination of numerous beneÞcial arthropods (Appel and Smith 2002 ). An IPM program could manage Asian cockroach populations around homes and reduce insecticide use and exposure.
Nearly 90% of adult male Asian cockroaches preferred the pine straw and oak leaf litter in the large box arena after 7 d (Table 1) . Large numbers of Asian cockroaches were observed in these mulches during surveys in south Alabama and south Georgia (Snoddy 2007, Snoddy and Appel 2008) . Pine straw and oak leaf litter offer adult males larger interstitial spaces and lower light conditions (Table 5) as Appel and Smith (1996) found with American and smokybrown cockroaches. Adult females preferred any mulch material compared with topsoil (Table 1 ). All nymphal stages of the Asian cockroach generally preferred the rubber mulch to all other mulches (Table 1) . This is likely due in part to the smaller interstitial spaces (see e.g., , Berthold and Wilson 1967 , Koehler et al. 1994 ) and high RH ( Table 5 ) that occur in rubber mulch particles. These interstitial spaces could allow the nymphs to hide and become inaccessible to possible predators as well as providing darker harborage areas (Table 5) for this negatively phototactic stage of the Asian cockroach. Small interstitial spaces may also contain food giving the nymphs a competitive advantage by reducing competition with adults. The smaller interstitial spaces in the rubber mulch retained more moisture than most of the other mulches (Table 5) resulting in a less desiccating environment.
Nymphal Asian cockroaches are much smaller and have signiÞcantly greater surface area to volume ratios than adults have and would therefore desiccate more rapidly. Mulches with smaller interstitial spaces, and those composed of impermeable material such as rubber, retain greater humidity within the mulch (Table  5) . Greater humidity and free moisture would decrease the saturation deÞcit and result in lower rates of desiccation of cockroaches within the mulch. In preliminary experiments, Appel (A.G.A, unpublished data) found that Asian cockroaches have signiÞcantly greater (up to two-fold) cuticular permeability values than that of German cockroaches and therefore desiccate more rapidly. Asian cockroaches probably select darker, more humid harborage areas to, in part, reduce their water loss. In continuous the exposure experiments, there was signiÞcantly greater mortality of adult male Asian cockroaches in the pine straw mulch; but there was also mortality in the other treatments. The greater toxicity of pine straw could be because of the essential oils present in this mulch. Essential oils are secondary plants substances (Isman 2006 ) that contain compounds such as monoterpenoids that give plants their aromatic characteristics. Phillips and Appel (2010) reported the toxicity of 12 essential oils to the closely related German cockroach. Pine straw contains two common essential oils [(ϩ)-␣-pinene and (-)-␤-pinene] that Phillips and Appel (2010) found to have fumigant toxicity against all cockroach stages. They suggested that essential oils could be used in an IPM program to control populations of German cockroaches inside homes. Pine straw is used outdoors as a landscaping material where the peridomestic Asian cockroach occurs and is exposed to sunlight, temperature extremes, and humidity ßuctuations. Therefore, pine straw mulch would probably lose naturally occurring essential oils much faster than pine products or sprays inside a home where the environment is controlled consistently. Cypress mulch is much larger and thicker in terms of particle size compared with the other mulches. Cypress mulch deteriorates much more slowly than the thin, spindly pine straw mulch or oak leaf litter (E.T. Snoddy and A.G. Appel, personal observation) and would likely be a better choice for landscaping mulch in terms of longevity. Even though cypress, pine straw, and oak leaf litter mulches are ßammable, there are no ordinances that we are aware of in Alabama that would prohibit their use next to the foundation of a home. In fact, the use of mulches is generally encouraged to reduce soil erosion and retain moisture around landscape plants. Silverman (2001, 2003) have also suggested mulch selection as a component of an urban ant IPM program. They found that in laboratory studies aromatic cedar mulch, Juniperus virginiana L., was toxic and repellent to Argentine ants, Linepithema humile (Mayr) and odorous house ants, Tapinoma sessile (Say) (Meissner and Silverman 2001) . In Þeld studies, cedar mulch reduced the number of Argentine ant nests compared with cypress and pine straw mulch, but did not entirely eliminate nests or the presence of ants (Meissner and Silverman 2003) . Combining repellent cedar mulch with attractive pine straw and an insecticide treatment, Silverman et al. (2006) conducted Þeld studies to evaluate the concept of trap-mulching. Trap-mulching resulted in reductions of foraging ants, but only when the trap mulch was applied as a ring around trees.
Ebeling choice box studies with adult male Asian cockroaches showed no signiÞcant (P Ͼ 0.05) toxicity among the all the mulches or control (Table 2) . Combining the 7 d of the experiment, adult males avoided the control, rubber mulch, and topsoil more than the cypress, oak, and pine straw (Table 3) . Adult males preferred mulches that afforded possible harborage areas where they could hide in interstitial spaces during the photophase. In addition, the control, rubber mulch, and topsoil had signiÞcantly less surface area than the other mulches. The amount of additional harborage area in the dark side of the Ebeling choice box likely contributed to the relative lack of preference for these materials. Over time, any lack of preference for the control, rubber mulch, and topsoil declined, as the cockroaches appeared to acclimate and eventually prefer the dark side of the Ebeling choice box ( Fig. 1; Table 4 ). The Ebeling choice box experiments indicated there were no signiÞcant differences in mortality between any of the mulch and control treatments, which suggest that all of the treatments were relatively nontoxic when cockroaches had the ability to avoid them. None of the mulches could therefore be used as or considered as insecticides.
From the standpoint of an IPM program, it may not be wise to use oak leaf litter, pine straw, or the rubber mulch for landscaping around the home. Our data suggest that these mulches may attract and harbor large Asian cockroach populations. The synthetic rubber mulch in particular may allow larger populations of nymphs to survive to adulthood resulting in large numbers of breeding adults. Of the mulch materials tested, the cypress mulch appears to be the best alternative when considering using landscape mulch around the home. Even though the bare topsoil was least preferred to all stages of the Asian cockroach, it is impracticable to think a homeowner would use bare ground around the home as landscaping. The cypress mulch was not preferred by any stage of the Asian cockroach and would be the best choice in an IPM program designed to reduce the number of Asian cockroaches around the home, however, outdoor Þeld trials are needed for validation.
